We analyze the decay of an unstable D-brane (or pair brane -anti-brane). It is considered a Born-Infeld type action for spatially homogeneous tachyon interacting with gauge and scalar fields. For the case of the homogeneous fields we solve the equations of motion exactly. Treating fluctuations like non homogeneous part of the fields, we consider perturbative results for the fluctuations. We discuss possible application of the results to D-brane inflation.
1 Introduction.
In the past couple years, there were suggested a number of cosmological models employing either unstable D-branes or brane -anti-brane pair, see for example [1, 2] . Such models can
give an explicit string realization of inflationary scenario. As well, it can give mechanism for baryogenesis and generation of dark matter [3] . Significant progress have been recently made in understanding dynamics of such unstable D-brane configurations [4, 5] . Namely, decay of unstable D-brane can be described as a single tachyon condensation. This tachyon is living on the world volume of an unstable non-BPS brane and it can be described by a low energy effective field theory action. This gives a possibility to understand in more details D-brane annihilation and impact on D-brane inflationary models [6] . Another approach being explored is modeling D-branes using soliton-like solutions [7, 8] .
In this paper we will try to see what we can get from the effective field theory description.
We consider spatially homogeneous tachyon 2 interacting with gauge and scalar fields. The Born-Infeld action of an unstable D3-brane is [4, 5] 
where g µν is induced metric on the world-volume of the brane with signature (−1, 1, 1, 1), T is tachyon field, representing the unstable nature of the brane, F µν and φ are gauge and scalar fields confined on the brane, and V (T ) is the tachyon potential which has minimum at T = ±∞ and unstable maximum at T = 0.
2 For analysis of the non homogeneous tachyon field and possibilities of tachyon inflation see [9] .
Homogeneous fields.
Let's consider spatially homogeneous fields. That is rather reasonable assumption, we always can split a field on average over world volume field and fluctuations on top of it φ = φ x (t) + φ F luctuations (x, t).
We can evaluate the determinant in the action (1) and rewrite it in the form
here we already have used the fact that the tachyon and the scalar fields are time dependent only. For the spatially homogeneous gauge field, B = 0. Thus, we have
further we can treat the scalar field as an extra component of A µ . The action takes the form
where b runs over all µ gauge indexes and all scalar fields. We will take the tachyon potential in the form V (T ) = exp(−aT ). Now it is easy to write down the equations of motion
Substituting E b =Ȧ b and g =Ṫ and resolving system with respect to higher derivatives we get
There are two solution one isṪ
which is pretty obvious. It requires positive definite action being 0. This solution doesn't describe the rolling tachyon, as well it doesn't depend on a tachyon potential.
The other solution is
which requires that on the brane fields E b being constant.
Thus, the result is that rolling down tachyon "conserves" homogeneous fields. Correspondingly, solution for tachyon comes out being just tachyon in the background of a constant "electric" 3 field [5] . That just squeezes time by a factor of √ 1 − E 2 .
Analyzing fluctuations.
Let's now try get some insight on fluctuations of the gauge field, i.e. gauge field production due to decay of tachyon. To simplify the analysis we introduce the effective metric
then we have for (1)
Expanding the action till the second order (the lowest non zero) in gauge and scalar fields, one gets (see, for example [10] )
3 It is either electric part of a gauge field or time derivative of a scalar field, in the above formula E ≡ Ȧ µ 2 +φ 2 whereḡ µν is inverse of the effective metric
Now, we will concentrate on the gauge field. For the spatially homogeneous tachyon action takes the form
Thus, for the gauge field it is easy to consider two cases -only magnetic field and only electric field. The coupling with tachyon is of the type proposed by [8] 
where κ(T ) = V (T ) 1 −Ṫ 2 for the magnetic field and κ(T ) = −V (T )/ 1 −Ṫ 2 for the electric field. We can write it in the covariant form as well
The equation of motion is
Because the tachyon field is spatially homogeneous, i.e. depends on time only then it quite
For example, we can consider "quasi homogeneous" electric field F 0i ≡ E [10] (keep in mind that we know solution for the homogeneous electric field, here we consider spatial fluctuations), then we getκ
Thus, we see that as tachyon rolls down the fluctuations evolve and the approximation of small field breaks down. That is actually the decay of the brane with production of gauge field.
The analysis holds for any gauge field [8]
or taking world-volume Fourier transform we geẗ
This is equation for oscillator with time-dependent friction term. Sinceκ/κ is negative, we get growing perturbations for the gauge field modes. For the tachyon potential being V (T ) = exp(−at), κ is exponentially decaying. And for the big times behaves like κ(t) = exp(−βt), this case was considered in [8] , the modes behave like
For the scalar field equation of motion reads
where g = V (T )/ 1 −Ṫ 2 , or taking Fourier transform
This is equation of an oscillator with time-dependent frequency and friction. To simplify the analysis let's make the substitution
, then we geẗ
As we have seen above the homogeneous scalar field behaves the same way as homogeneous electric field. For example, the "quasi homogeneous" fluctuations exponentially grow. That is why, it is reasonable to suppose that the scalar field modes experience parametric resonance.
Though, for the big times f (T, k 2 ) ∼ 2(a 2 + 2k 2 ) exp(−2at) the field stabilizes, asymptotically stopping production of the field fluctuations.
So, at the big timesψ becomes a constant. Correspondinglyφ exponentially decays (we consider here tachyon as a background). We can apply this result for the D −D branes inflationary models [2] . Where the role of inflaton field plays distance between branes. The inflaton field at the moment of collision produces big spatial fluctuations of the kinetic term which exponentially decays as the tachyon rolls down. At the same time fluctuations of the gauge field are produced, that corresponds to particle production. The simple analogy is an oscillator with some region of high friction. In this region kinetic term decays exponentially.
Conclusions.
Thus, if we consider spatially homogeneous tachyon and split gauge field on homogeneous part (average field over world volume of the brane) and fluctuations, then homogeneous part of the field should not change in the process of the brane decay. On the other hand, all released energy goes on a fluctuation production pretty uniformly over world volume of the brane. And finally for the big times tachyon condensates holding homogeneous parts of the fields being a constant and slowing down production of the fields fluctuations. So, one can expect that homogeneous field configuration will stay the same after decay of the brane, though this mechanism doesn't exclude creation of domains with different field configurations.
